The effects of the exposure of the bacterium, Leptospira interrogans serovar canicola to a constant magnetic field with magnetic flux density from a permanent ferrite magnet = 140±5 mT were stud ied. Changes in Leptospira cells after their exposure to the field were determined on the basis of changes in their growth behavior and agglutination immunoreactivity with a homologous antiserum using darkfield microscopy together with visual imaging. The data showed that the exposed Leptospira cells have lower densities and lower agglutination immunoreactivity than the unexposed control group. Interestingly, some of the exposed Leptospira cells showed abnormal morphologies such as large lengths. We discussed some of the possible reasons for these observations.
INTRODUCTION
Leptospirosis is an acute febrile illness caused by pathogenic spirochete bacteria of the genus Leptospira (1, 2) . This disease has emerged as an important public health problem worldwide. The symptoms of this disease can range from mild-flu-like symptoms to severe (often fatal) complications such as renal and/or liver failure and hemorrhage (referred to as Weil's syndrome) (3) . Most outbreaks tend to be seasonal in nature and are often associated with environmental factors, animals, and agricultural and occupational cycles such as rice cultivation in marshy lands. Mammals such as rats and cattle are commonly involved in the transmission of this disease to humans via direct or indirect exposure to contaminated tissues or urine (1, 2, 4) . Out-breaks of leptospirosis occur mainly after flood, making it an occupational hazard for sanitary and agricultural workers, as well as a recreational hazard for humans (5) . Some pathogenic leptospira species have also been found to be associated with domesticated animals. For example, serovar canicola ( Leptospira canicola) has adapted itself to canines; therefore, it has become common in many human communities. Although there has been no report of leptospirosis in canines in Thailand, there is a great potential for the transmission of the disease between humans and dogs kept as household pets, unless one is aware of the disease.
L. canicola cells used in our study are motile aerobes that are very thin, flexible and spiral-shaped of about 0.1 µm width and 6-20 µm length. Leptospira cells are difficult to observe under a light microscope. They can, however, be observed by darkfield microscopy using wet samples. This allows for the determination of agglutination TRIAMPO ET AL. 4 immunoreactivity to be determined. The leptospiral outer membrane or surface antigens can be detected through its agglutination with a homologous [antiserum] . The optimal conditions for its growth and as well, its biology are well documented in the literature (1, 2) . Moist environments with a neutral pH are suitable conditions for the survival of leptospira outside the host. The optimal cultivation temperature is approximately 20-32°C.
In general, Leptospira species are highly susceptible to adverse environmental conditions such as exposure to dry air, chemicals such as chlorine or iodine in detergents, unfavorable pH ( > 8.0 or < 6.5), strong electromagnetic fields and high temperatures (above 40°C). The growth of Trichomonas vaginalis is accelerated when it is exposed to 460-1200 gauss (9) . The growth rate of Bacillus subtilis increases when exposed to 150 gauss and decreases when exposed to more than 300 gauss (10) . Similar results were reported for Chlorella; an exposure of less than 400 gauss increases the growth, while exposure to 580 gauss decreases the growth rate (11) . Several studies point to the MF as a factor influencing the growth and survival of living organisms, which vary at different MFDs TRIAMPO ET AL.
5 (12, 13, 14, 15) . Other researchers have studied the effects of MFs on bacteria at the enzyme (16) or genetic (17) level.
To study the efficacy of using magnetic field to control or prevent the growth of Leptospira, we applied MF on selected Leptospira cells at various intensities and exposure duration levels.
We then determined the agglutinating activity of experimental bacteria using dark field microscopy.
MATERIALS AND METHODS
Pathogenic Leptospira interrogans, serovar canicola was used in this study.
Bacteria l cells were grown in the Ellinghausen and McCullough modified by Johnson and Harris [EMJH] liquid medium (2)
. The bacterial cells were grown at a temperature of 27±1°C in the dark.
A cylindrical permanent ferrite magnet 5 cm in diameter was placed beside 15 ml culture glass tube (less than 1 ml apart) containing 1 ml of a suspension of newly subcultured leptospira cells in the EMJH liquid medium. MF and homogeneity of 5 140 ± mT (northpole) were checked using a teslameter (Hall effect Teslameter digital, order no. 13610.93; Phywe Systeme Gottingen, Germany). The intensity of static magnetic field used in our experiments was chosen on the basis of Genkov et al. (9) findings. Genkov et al. had used more or less this intensity of a constant MF to induce the growth and development of Trichomanas vaginalis. For this type of exposure, no shielding against the natural variations of terrestrial MF was required, the value of approximately 0.050 mT is negligible with respect to the MF intensities applied. An TRIAMPO ET AL. 6 experiment using cells not exposed to MF was simultaneously performed as the control, which was placed at a distance of about 100 cm from the exposed group.
In the absence of magnets, MFD was 0.05±0.01 mT. All bacterial samples were exposed to MF for different durations, that is, 0 (control sample), 1, 2, 3, 4, 5, and 6 d. After MF exposure, individual samples were further incubated for 7 d.
Immediately after 7 days of incubation, dark-field micrographs were taken using a CCD camera to observe cell development. The growth and agglutination properties using the microscopy agglutination test (MAT) with a homologous antiserum and immunoreactivity were scored as follows: 4+ = 100 % absence of Leptospira cells from the field 3+ = 75 % absence of Leptospira cells from the field 2+ = 50% absence of Leptospira cells from the field 1+ = 25% absence of Leptospira cells from the field stet MAT has been commonly used as a diagnostic tool for leptospirosis. This may not be the most reliable test. It, however, is arguably the most appropriate test for this study.
The same set of conditions and specimens were used in the experiment s, which were repeated twice. Each sample was prepared using the method described above. It was then dropped on a microscope glass slide and dried in air. 
Atomic Force Microscopy (AFM) and sample preparation

RESULTS
Figure 3
On the basis of the criteria mentioned at the end of the previous section, the agglutination reactivities of the L. interrogans serovar canicola exposed to different intensities of MF are listed in Table 1 (with longer exposure 
Table1
Figure 4
Besides the decrease in the number of Leptospira cells as the cause of the decrease in agglutination immunoreactivity as mentioned above, the "denaturing effect"
of the antigen-antibody reaction may be an other contributing factor to this phenomenon, which can be explained as follows: Typically, antibodies are large soluble protein molecules known as immunoglobins and are produced by B-cells. They bind to specific antigens in a lock-and-key fashion (lock = antibody; key = antigen) (18) . Their shape should, therefore, be specific to particular antigens. Whe n a specific antibody encounters an antigen, it will form an antigen-antibody complex through some noncovalent forces such as electrostatic force, hydrogen bond, van der Waal force or hydrophobic force. When a change in what of a single atom occurs, the complex can become unbound. This specificity could be the underlying factor for the denaturation of the antigen-antibody reaction. Under the conditions used in the study, the motion or transfer of any electrons or ions onto the cell membrane could induce an electric current. This current m ay perturb the other charge particle motion in the cell thus resulting in the loss of binding (19) .
Figure 5
Surprisingly, we observed that some Leptospira cells exposed for 3 or more days were longer than the control bacterial cells (see Fig. 5 ). This preliminary finding probably indicates that there is some disturbance in cell division. More experiments must be carried out to examine and determine the exact mechanism underlying these observed phenomena. Our present explanation for this abnormality in cell division is Our finding is at least the first step toward a grater understanding of this the development of diagnostics, treatment, and prevention schemes for bacterium and leptospirosis. We hope that further studies of leptospirosis will lead to this disease in the near future. Circles indicate individual bacterial cells.
